Summary. The necropsy reports of 294 cases of anencephaly and 50 cases of iniencephaly have been examined, and a tabulated list of associated malformations produced. Cases were divided by sex and the presence or absence of spina bifida. Forty-one per cent of the series had other malformations, and other malformations were more common in those cases with spina bifida than in those without. 
Since anencephaly is a lethal malformation, the presence in some cases of other malformations does not seem to have attracted much interest. Indeed, with the exception of the Second Report of the British Perinatal Mortality Survey of 1958 (Butler and Alberman, 1969 ), it has not been possible to trace a fully tabulated list of associated malformations in a large necropsy series of anencephalics. Standard teratological texts such as Ballantyne (1904) and Warkany (1971) only briefly mention without giving any idea of their frequency the associated malformations. The explanation for these associated malformations may be so simple and obvious that it is hardly ever mentionedabnormal fetal growth at an early stage leading to other malformations. Ballantyne (1904) stated (referring to the pathogenesis of associated malformations in iniencephaly): 'Further ontogeny is hindered and cramped, and so the associated malformations (e.g. diaphragmatic hernia) arise'. Liggins (1974) went a little further than this when he wrote: 'The diversity of associated anomalies raises the possibility that the teratogenic influence responsible for the failure of the anterior extremity of the neural tube to develop has widespread effects, including reduction in cell number and consequent growth retardation. Determinations of cell number in anencephaly have not been reported.'
A study of diaphragmatic hernia (David and Illingworth, 1976) showed a strong association between diaphragmatic hernia and both anencephaly and iniencephaly. An interest in the reverse association prompted the present study, a simple systematic review of malformations in patients with anencephaly or iniencephaly.
Subjects and methods
The cases were all born in the Bristol region, and were ascertained through the necropsy diagnostic index compiled by Dr Forty-one per cent of the series had other malformations (i.e. outside the nervous system). Associated malformations were more common in those cases with spina bifida (50%) than in those without spina bifida (31%). Exactly half the cases had spina bifida in addition to either anencephaly or iniencephaly. Eighty-four per cent of iniencephalics had other malformations.
The urinary tract was the most frequently affected system, urinary defects occurring in 19% of cases. This is followed by the cardiovascular and gastrointestinal systems each being affected in 8% of cases. The most frequent single malformations were, in order, hydronephrosis (8%), cleft palate (8%), diaphragmatic hernia (5%), exomphalos (5%), hare lip (4%), and horseshoe kidney (4%).
Certain defects tended to affect the same side. All the diaphragmatic hernias were left-sided except for one bilateral case. All but one of the unilaterally absent kidneys were left-sided, and all but two of the unilaterally hypoplastic kidneys were left-sided. Of the six lung defects, five were a bilobed right lung and the sixth was an absent right lung.
Of what significance are associated malformations Certainly the limited range and characteristic pattern of malformations excludes a random association. However, it is difficult to envisage that these associated malformations stem from a single localized anomaly resulting in a 'cascade' of defects, as for example, in the Pierre Robin syndrome (Hanson and Smith, 1975; Smith, 1975) . The exception would perhaps be the association of cleft palate; this probably is a simple developmental sequence that stems from the high position of the palatine raphe relative to the lateral palatine processes (Potter, 1961) . It should be noted that anencephaly, with or without other malformations, can occasionally be associated with chromosome abnormalities, though exactly how frequent this is has not been established with the new banding techniques (Wright, Clark, and Breg, 1974; Schmid et al, 1975) .
The literature on iniencephaly is cautious on the relation between it and anencephaly. However, it shares a female preponderance with anencephaly, it is apparently commoner in areas where anencephaly is common (Warkany, 1971) , and it is often accompanied by spina bifida. Gardner (1973) regarded iniencephaly as 'ruptured anencephaly', this being part of his theory that rupture of the neural tube is the pathogenic mechanism in neural tube defects (rather than failure of the tube to close). For the purposes of genetic counselling iniencephaly seems to be treated as a neural tube defect.
It is concluded that in the same way that there are epidemiological and aetiological differences between spina bifida and anencephaly, so it is possible that anencephaly itself may consist of more than one aetiologically distinct entity. Further investigation will be needed to see if the different associated malformations in anencephaly correspond with different epidemiological variables or different genetic patterns.
This study would not have been possible without the detailed records made by Dr N. J. Brown, and we are indebted to him for his help. We are very grateful to Professor N. R. Butler for his help and encouragement.
